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PULSE REPETITION INTERVAL
CORRELATOR UTILIZING ZERO MEAN
MATCHED FILTERING AND DIFFERENCE
MINIMIZATION CORRELATION

This application 1s a continuation-in-part of U.S. Ser. No.
08/328,639 filed Oct. 25, 1994 (abandoned), and is a con-

tinuation of U.S. Ser. No. 08/890,893 filed Jul. 10, 1997.

TECHNICAL FIELD OF THE INVENTION

This mvention relates to a real time Pulse Repetition
Interval (PRI) correlator using zero mean, Pulse Width (PW)
matched filtering and difference minimizing pulse repetition
interval correlation.

BACKGROUND OF THE INVENTION

Currently, real time PRI correlation 1s accomplished by
matching thresholded pulses together on a pulse by pulse
basis. This type of correlation requires that the pulses
already be thresholded and be at a Signal-to-Noise Ratio
(SNR) sufficiently high such that the false alarm rate will be
within the system requirement levels. Also, these prior art
types of correlators do not provide any signal-to-noise ratio
cgain as part of their operation. The signal-to-noise ratio
remains constant or deteriorates.

In the performance of spectral analysis of signals which
are pulse modulated, 1t 1s desirable to determine character-
istics related to the signals, these characteristics mcluding
PRI, PW, staggers and stagger positions. Other desirable
features of a PRI correlator include ability to operate at low
SNRs and ability to reject signals which are not matched to
the selected correlator. It 1s therefore apparent that a system
which 1s capable of collecting pulse information at lower

than normal prior art signal-to-noise ratios 1s highly desir-
able.

SUMMARY OF THE INVENTION

In accordance with the present invention, there 1s pro-
vided a system which performs real time temporal correla-
fion on signals which are pulsed and periodic 1n nature. In
particular, the present imnvention applies to systems which
perform PRI analysis of signals and provide signal gain as
part of the correlation process. The correlation 1s performed
in two stages. The first stage conditions the signals for
correlation using the zero mean, PW matched filter and the
second stage performs temporal correlation using the dif-
ference minimization PRI correlator.

The primary purpose of the zero mean matched filter 1s to
remove or at least minimize any direct current (DC) signals
before they can reach the correlator. If DC signals are
allowed to reach the correlator, they correlate up at every
PRI setting and on every temporal point. This results 1n false
detections and could block actual signals from being
detected. Another purpose served by the filter 1s to provide
some gain for signals with pulse widths greater than one
temporal cell.

After the data has been conditioned with the zero mean
matched filter, it 1s correlated using the difference minimi-
zation correlator. The primary purpose of the minimum
difference correlator 1s to correlate signals of the selected
PRI while rejecting signals which are not of the selected
PRI. The correlator 1s able to track pulses which are not
aligned to temporal cell boundaries via a decision based
upon the minimum difference between the normalized
output, the current mput and a time shifted input. By
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2

minimizing the difference, the noise 1s correlated with noise
and the signal 1s correlated with signal. The techniques
herein maintain the pulse edges of the signal while main-
taining the noise growth to a minimum.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of a multi-correlator system 1n
accordance with the present invention;

FIG. 2 1s a block diagram of a zero mean, pulse width
matched filter in accordance with the present invention;

FIG. 3 (a) is a graph of waveform definition and FIG. 3(b)
1s a graph of filter coetlicients for zero mean matched filter

impulse responses;

FIG. 4 (a) 1s a graph of signal input, FIG. 4 (b) is a graph
of optimal matched filter, FIG. 4(c) is a graph of zero mean
matched filter, FIG. 4(d) is a graph of normalized frequency

response and FIG. 4 (e) 1s a graph of frequency response
versus 1nverse frequency for optimal and zero mean filter
responses for t,=3 and r=7;

FIG. 5(a) 1s a graph of optimal impulse response, FIG. §
(b) 1s a graph of zero mean impulse response, FIG. § (¢) is
a graph of frequency response and FIG. 5(d) is a graph of
inverse normalized frequency of filter responses for t,=1

and t,=10;
FIGS. 6 (a) to 6 (d) are graphs as in FIGS. 5 (a) to 5 (d)
for T;=5 and To=10;

FIGS. 7(a) to 7(d) are graphs as in FIGS. 5(a) to 5(d)
for=10 and To=10;

FIG. 8 1s a block diagram of a difference minimization
correlation circuit 1n accordance with the present invention;

FIG. 9 (a) 1s a graph of normalized noise growth versus
number of samples correlated for 50 correlations and FIG. 9
(b) is such a graph for 150 correlations;

FIG. 10(a) is a graph of PRI correlation rejection ration
versus signal PRI for PRIs from 16 to 26 samples and FIG.
10(b) is such a graph for PRIs from DC to 60 samples.

DETAILED DESCRIPTION OF THE
INVENTION

Referring to FIG. 1, there 1s shown an application of the
present mvention embodied 1n a real time correlator appli-
cation specific integrated circuit (ASIC). The ASICs are
cascaded to provide detection over a range of pulse widths

and PRIs with each of the correlator outputs 1,2 . . . n being
correlated to a different PRI.

The correlator mnputs must be real or complex with
stationary phase and the outputs will maintain the phase
information for complex inputs. The data 1s not thresholded
until the output of the correlator, 1t being assumed that the
noise at the input of the correlator 1s Wide Sense Stationary

(WSS), white and Gaussian.

The multi-correlator system of FIG. 1 includes, 1in each
path, a zero mean PW match filter 1n series with a difference
minimization PRI correlation circuit to provide a correlator
output for that path after operation of the correlator input.
The correlator input can be applied to all of the paths
simultaneously or one or more of the paths can be enabled
(simultaneously or sequentially when more than one path is
enabled) to provide correlation in response to particular
PRIs. A path can be disabled by setting the values of the
multipliers a and b to zero 1n FIG. 2. The circuitry of any one
of the paths of FIG. 1 is determined by equations (1) to (5)
set forth hereinbelow. A typical zero mean matched filter
circuit of the type that can be used 1n the circuit of FIG. 1
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1s shown 1n FIG. 2 and a typical difference minimization PRI
correlation circuit of the type that can be used 1in FIG. 1 1s

shown 1n FIG. 8.

In the multi-correlator system shown m FIG. 1, the
correlator 1nput 1s applied to all correlator ASICs
simultaneously, each ASIC including a filter and difference
minimization PRI correlation circuit. Each correlator ASIC
can be tuned to a specific PW or PRI by programming the
filter coeflicients and delay line lengths on each ASIC.

Within each ASIC, the correlator input 1s first applied to
the zero mean matched filter. The zero mean matched filter
performs two functions, these being removal of the mean of
the Slgnal (ADC) and application of a matched PW filter to
the mcoming signals. DC signals must be removed prior to
the difference minimization correlator because the correlator
has 1ts greatest response to DC signals. If DC signals are not
removed, DC signals 1n the mput data could cause false
detections and could mask real signals from being detected.

Once the signals have been conditioned by the zero mean
matched filter, they are applied to the difference minimiza-
tion PRI correlator. This correlator applies a matched PRI
filter to the incoming data and uses a difference minimiza-
tfion technique to align constantly the filter taps. This allows
the filter to track signals which are aligned to cell bound-
aries.

The correlator outputs are then thresholded and the output
data can be used to determine the signals which were present
in the environment.

Referring to FIG. 2, there 1s shown a zero mean PW
matched filter that can be used 1n the circuit of FIG. 1. The
transfer function for this filter 1n this mode 1s given by the
following equation:

H(z)=|bz™™

where:

z=the z transform, a V,, b=V,-V_ l=t,+27,, m=t,, n=1,.

The filter design of FIG. 2 implements the use of an
integrator to extend the number of virtual FIR filter taps.
This 1s accomplished by using the feed forward section of
the filter to establish the transition points and the voltage
levels of the filter. An integrator 1s then applied to the
impulses to integrate the data into the desired impulse
response.

The circuit of FIG. 2, in which all like elements are the
same or equivalent, comprises the correlator mnput V, which
1s split into two paths. In the first path, the correlator input
1s delayed by FIFO delay line 5 having a delay m samples
and then multiplied by a multiplier having a gain of “b”, this
signal then being applied to FIFO delay line 7 having a delay
n samples and subtracted from the output of multiplier “b”
by subtractor 15. Summer 19 adds the signal from summer
15 to the output of summer 19 after 1t has been delayed by
FIFO delay line 11 having a delay of one sample.

In the second path, the correlator input,, 1s compared
against the threshold voltage V. If the comparison from
comparator 3 indicates a “less than” condition, then the
correlator input (V,) is selected by multiplexer 1. If the
comparison from comparator 3 indicates a “greater than or
equal to” condition, then the output of summer 21 (x,-) 1s
selected by multiplexer 1. The output of multiplexer 1 is then
multiplied by a multiplier having a gain of all, this signal
then being applied to FIFO delay line 9 having a delay of 1
samples and subtracted from the output of multiplier “a” by
subtractor 17. Summer 21 adds the signal from summer 17
to the output of summer 21 after it has been delayed by FIFO
delay line 13 which has a delay of 1 sample.

(1-z"™=a(l-zH(l-z1)

(1)
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4

The output of summer 21 1s then subtracted from the
output of summer 19 by subtractor 22. The output of
subtractor 22 1s the output of the zero mean PW matched
filter (Ia).

The values for a, b, I, m and n 1n the equations set forth
hereinabove and hereinbelow as well as in the FIGURES are
as follows:

a=V,, b=V -V, I=t,+21,, m=1,, n=1, (2)

Solving for the 1impulse response of the filter 1n the FIR
mode, the variable substitutions listed in equation (2) here-
inbelow are applied to equation (1) and the resulting transfer
function 1n terms of V,, V,,, T, and T, 15 set forth 1n equation
(3). Terms are grouped 1n equation (4) and the time domain

impulse response of the filter h In] is given by the equation

(5) as follows:

(Vi = Vo) 2(1 -z ")+ (V)1 =z 2771772
] =71

(3)

H(z) =

V,(l—-2"2) WViz2(1-z7"1)
H = + +
(2) e e

VZZ_TZ | (]_ _ ZTZJ
] —z71

(4)

()

7o £H£T2+T1—1,VQ,T2+T1—1
hixln] =

Vo, 0=nrn=1y—-1, V],
0, otherwise

The 1mpulse response of the zero mean matched filter 1n
terms of equation (5) is shown in FIG. 3a. FIG. 3b shows the
impulse response 1n terms of the filter coeflicients defined in
FIG. 2 and equation (1). In order to ensure that the filter has
a Zero mean, the area of the impulse response V. t,, +2V, 1,
must be set to zero. The value of V, 1s used to match the
value of u, - to the mput level V., and is therefore determined
by the equation V,=1/1=1/(2t,+t,). The value V; is used to
set the mean of then filter to zero and 1s determined from the
equation V,=-2V,_t,/t,. The threshold voltage V , 1s used to
set the maximum level of the signal mean .. All examples
set forth herein assume that this threshold voltage (V,,) is
much greater than the input voltage V,; (i.e.V,,>>V)).

Assuming a pulsed real signal x|n]| with t,=3 as shown in
FIG. 4a, the optimal filter for such a pulse 1s a filter whose
impulse response h |n| matches the signal x[n] which is
depicted in FIG. 4b. The frequency response of this filter 1s
obtained by taking the Discrete Fourier Transform (DFT) of
the 1impulse response which 1s shown by the dashed line 1n

FIG. 44d.

The problem with the optimal matched filter 1s that it has
its greatest response at DC or 0 radians. The PRI correlator
discussed hereinbelow also has its greatest response to DC
signals, making 1t 1imperative that DC signals be removed
before they are presented to the PRI correlator. To reject the
DC signals, a suboptimal filter whose mean 1s zero 1s
presented 1n FIG. 4¢ with ©,=7. As can be seen from the
frequency response shown by the solid line 1n FIG. 44, the
filter completely rejects DC signals. The problem lies 1n
choosing T, and T, such that signals of interest are passed
while unwanted signals and noise are rejected.

FIG. 4¢ shows the frequency responses for the optimal
and zero mean {filters with the x-axis normalized to units of
2n/t, where f 1s the frequency which corresponds to the
frequency of the samples. The variables T, and T, have been
indicated on the graph to 1illustrate how the frequency
response 1s alfected by the two variables. The parameter T,
approximately sets the 3 dB low pass cut-off and the
parameter T, approximately sets the deviation point from the
optimal filter response.
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L
T, 0.1 0.2 0.3 04 0.6 1.0 1.6 2.5 4 6.3 10
(a) SNR Response ot Zero Mean Filter
Normalized to Optimal Filter SNR Response (dB).
0.1 -17.6 -15.7 -150 -146 -140 -76 -11.3 -15.1 19.1 =229 -26.8
0.2 -16.7 -145 -135 -12.8 -11.8 =52 -87 -12.3 -16.2 -20.0 -239
0.3 -16.5 -140 -12.8 -11.9 -108 -41 -75 -109 -13.6 -17.2 -21.2
0.4 -16.3 -13.7 -12.3 -114 -103 -34 -6.6 -10.0 -13.6 -17.2 -21.2
0.6 -16.1 -13.3 -11.9 -10.9 -7.2 =25 =55 -8.8 -12.1 -15.7 -19.7
1.0 -15.2 -11.6 -9.4 7.7 -51 -1.7 -44 -7.6 -10.6 -14.1 -179
1.6 -128 -95 -75 -61 -39 -11 =37 -65 -95 -12.6 -16.4
2.5 -11.6 -8.4 -6.6 -5.2 -3.3 =08 =32 -5.7 -85 -11.5 -152
40 -109 -78 -60 -47 -28 -04 =27 =51 -7.7 -10.7 -139
6.3 -10.4 7.4 -5.6 -4.3 -25 -03 =25 -4.8 -7.4 -10.2 -12.9
10.0 -10.2 7.2 -5.4 4.2 -2.4 -03 =25 -4.7 -7.1 =95 -11.9
(b) SNR Response of Optimal Filter (dB).

-9.8 -6.8 -5.1 -38 -2.1 0.0 =21 -4.1 -6.2 =82 -10.2

(c) SNR Response of Zero Mean Filter

Normalized to response at T, = 1 (dB).
0.1 -10.0 -8.2 -7.4 =7.0 -6.4 0.0 =3.7 -7.5 -11.5 -153 -19.3
0.2 -11.5 -9.3 -8.3 -=7.6 -6.0 0.0 =35 -7.1 11.0 -14.8 -18.7
0.3 -123 -99 -87 -7.8 -6.7 0.0 -34 -6.8 -10.5 -142 -182
0.4 -129 -10.3 -8.9 =8.0 -6.9 0.0 =32 -6.6 10.2 -13.8 -17.8
0.6 -13.6 -10.8 -9.3 -84 -4.7 0.0 =29 -6.3 -9.6 -13.2 -17.2
1.0 -13.5 -9.9 =77 -6.0 -3.4 0.0 =27 -5.9 -8.9 -12.4 -16.2
1.6 -=11.7 -8.4 -0.5 -=5.0 -2.8 0.0 =27 -5.4 -8.4 -11.5 -15.3
2.5 -10.8 7.7 -5.8 -4.5 -2.5 0.0 =24 -5.0 -7.8 -10.7 -144
4.0 -10.4 7.4 -5.5 -4.2 -2.4 0.0 =23 -4.7 -7.3 -10.3 -13.5
6.3 -10.2 -7.1 -5.4 -41 -2.3 0.0 =22 -4.5 -7.1 -99 -12.6
10.0  -9.9 -6.9 -5.2 -39 -2.2 0.0 =22 -4.4 -6.8 -9.2 -11.7

(d) SNR Response of Zero Mean Filter

Normalized to response at T, = 1 (dB).
0.1 =24 -4.1 -5.6 -06.9 -8.8 =59 -69 -7.5 -85 -6.8 -9.0
0.2 -1.6 -2.9 -4.1 -=5.1 -6.7 =35 -4.3 -4.8 -5.6 =59 -6.1
0.3 -1.3 -2.4 -3.4 472 =57 =24 =30 -3.4 -4.0 -40 -44
0.4 -1.1 -2.1 -3.0 =3.7 -51 -1.7 =22 -2.4 -3.0 =31 =33
0.6 -0.9 -1.7 -2.5 -3.2 -2.1 0.8 -1.0 -1.2 -1.5 -1.6 -1.8
1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.6 2.4 2.1 1.9 1.6 1.2 0.6 0.7 1.1 1.1 1.5 1.5
2.5 3.0 3.2 2.8 2.4 1.8 0.9 1.2 1.8 2.1 2.6 2.7
4.0 4.3 3.8 3.4 3.0 2.3 1.3 1.7 2.4 2.9 3.4 3.9
0.3 4.7 4.2 3.8 3.3 2.0 1.4 1.9 2.8 3.2 3.9 5.0
10.0 5.0 4.4 39 35 2.7 1.4 2.0 2.9 35 46 6.0

The Table shows how the SNR response to the filters 1s
affected by variations 1n T, T, and the pulse width of the
input signal. Through the Table, the mput pulse width has
been normalized to 1.0 and t,, and T, are varied from 0.1 to
10. Table section (b) shows how pulse width mismatch
alfects the optimal filter design. Note from FIG. 4b that the
value T, does not exist for the optimal filter. In Table section
(a) the data has been normalized to the optimal filter design
with T,=1.0. Table sections (c) and (d) contain the same data

as section (a) except that they have been normalized to
t,=1.0 and ©,=1.0 respectively. In Table sections (a), (¢) and
(d) the bolded data corresponds to the points where T,=T,.

From Table section (b) it can be seen that, as expected, the
optimal SNR response occurs at the point where ©,=PW and
the SNR drops off at 10 dB per decade. The SNR response
of the zero mean matched filter is shown in Table section (a)
and 1t can be seen that the optimal SNR response of this filter
also occurs at T,=PW for all values of T,. It can also be seen
that as t, approaches infinity, V,, approaches zero and the
impulse response of the zero mean filter approaches that of
the optimal filter.

In order to determine values for t; and <,, it 1s necessary
to weight the SNR response against the ability of the filter
to reject unwanted signals. Also, the larger the value of T,
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the more pulse width smearing will occur as a result of the
linear convolution with the filter. Therefore, 1f 1t 1s desired
to minimize pulse width smearing, there 1s concern only
with rejection of DC signals from the correlator and =,
would be chosen to equal 1 and T, would be as large as

possible. The filter responses for such a system are shown 1n
FIG. 5. In FIGS. § to 7, the shaded lines represent the

optimal filter responses and the solid lines represent the zero
mean filter responses. If pulse width smearing and SNR are

not of as great concern as mnterference with signal rejection,
the filter can be more highly tuned for a given pulse width.
FIG. 6 shows the filter responses for t,=5 and ©,=10 and
FIG. 7 shows the filter responses for t, and ©,=10.

FIG. 8 1s a block diagram of the difference minimization
correlator. The 1nput to the correlator 1s the output of the
filter of FIG. 2 and the clock input 1s the signal which clocks
cach 1nput mnto the correlator from the filter of FIG. 2. The
clock inputs are counted by the modulo-n counter which
increments every “n” samples counted therein. The value of
“n” determines the PRI range of the correlator and should be
set to the truncated value of the PRI to which the correlator
1s tuned. The output of the modulo-n counter i1s used to
normalize the delayed output to the same levels as the input
signals. This 1s required to determine the error or difference
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between the normalized delayed output and either the cur-
rent mput or a time shifted input. The correlator includes two
correlation loops. The first correlation loop 1s represented by
aS,S ',V 6 V"'and 1s of length n+l and the second
correlation loop 1s represented by S,, V_, V_'and 1s of length
n. Therefore, the range of PRIs that can be covered by this
correlator 1s from n to n+1.

The decision upon which correlator path 1s selected 1s
based upon the difference or error between the normalized
delayed output and either the current input (I,) or a time
shifted input (I,,). This is the only non-linearity in the system
and, by mimimizing the difference or error, signals are
matched with similar signals and noise 1s matched with
similar noise. With this design, the signal and noise both
orow at very close to their theoretical rates. That 1s, the
growth rate will be the square root of n (n"/?) for noise and
the growth rate will be n for the signal.

Another feature of the design 1s that the two paths, I ,S_,
S,V _andl ,I,,S,,V_,from input to output are symmetric
in delay. This feature allows the correlator to track temporal
drift of a PRI across cell boundaries without smearing the
pulse width. This 1s very useful for detecting sub-harmonics
and for estimating pulse width.

The 1nput to the difference minimization correlation cir-
cuit (I)) 1s fed to a difference circuit 31 (1), a one shift delay
33 and a summer 35. The divider circuit 30 divides the
delayed output of delay line 51 by the output of the
modulo-n counter or by 1, whichever 1s larger and applies 1t
to the difference circuit 31. The difference circuit 31 sub-
tracts the signal from divider circuit 30 from the input signal
(1,) and applies its difference signal to a magnitude estimator
37. The output of the estimator 37 (D) is delayed in a one
shift delay 39 and fed to a comparator 41, this being referred
to as the D ' signal.

The output of the one shift delay 33 (Ib)is applied to a
difference circuit 43 and a summer 45, the divided output of
the counter being subtracted from the delay signal (I,)) in the
circuit 43 and applied to a magnitude estimator 47 the output
of which 1s also applied to the comparator 41, this being
referred to as the D, signal. The comparator 41 provides a
positive output when the D, signal 1s less than the D _ signal.

The output of the delay 33 1s also summed 1n summer 45
with the output of the correlation circuit which has been
delayed by n shifts in an n shift delay 51, the output of
summer 43 being path B and being applied to a selector 53.
The 1nput 1s applied to a summer 35 along with the output
of memory 51 to provide a sum signal which 1s delayed one
shift by delay 49. The output of delay 49 1s also applied to
the selector circuit 53, this output being path A. The selector
53 provides a positive output when the signal at path A 1s
oreater than or equal to the signal at path B. The output of
the selector 1s thresholded, this function not being shown
herein and not being a part of this invention.

FIG. 9 shows the correlator response to complex white
Gaussian noise. The data mput to the correlator 1s stimulated
with complex white Gaussian noise with a Root Mean
Square (RMS) input level of 1.0. The correlator output is
normalized by the square root of the number of correlations.
This result 1s then converted to dB and graphed. The
theoretical noise growth for a system without any non-
linearities 1s at a rate of the square root of the number of
additions. If such system were plotted 1in FIG. 5, 1t would
show as 0 dB across both graphs.

From FIG. 9, 1t can be seen that, with the difference
minimization non-linearity, the variation from the theoreti-
cal noise growth limit 1s only about 1 dB and this variance
does not secem to be affected by the number of samples
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correlated. The effect of this 1s that the detection thresholds
must be raised about 1 dB 1n order to compensate for this
Increase 1n noise growth.

FIGS. 10a and (b) show the rejection ratio of the corr-
clator to signals with PRIs outside the selected correlation
window. The correlator was stimulated with signals with
PRIs varying from DC to 60 samples with white Gaussian
noise added i at =36 dBc. The correlator was set up with
n=20, which corresponds to signals with PRIs from 20 to 21
samples and the length of the data allowed for 32 PRI
intervals to be correlated.

From FIG. 104, 1t can be seen that the correlator response
was down about 29 dB when the mput signal was only of 1
by one PRI. The theoretical increase i1n signal for 32
correlated PRI intervals 1s 30 dB, therefore the rejection 1is
within 1 dB of the theoretical limat.

One feature of this type of correlator 1s its response to
subharmonics. In FIG. 10b 1t appears that there 1s no
attenuation to the sub-harmonic signals (PRIs=programmed
PRI/N). Also, from FIG. 10b, there appears to be about 25
dB of rejection to the super-harmonic signals (PRIs=
Programmed PRI * N).

The response to sub-harmonics can be broken down 1nto
two types. The first type 1s the problem with DC signals. Any
DC level at the input of the correlator will correlate up at
every selected PRI at every temporal cell. This DC level
might not even be caused by external signals but might be
caused by a bias 1n the hardware. To compensate for this
problem, the zero mean matched filter, which was discussed
hereinabove, 1s required to remove any DC levels prior to
the PRI correlator.

The second type 1s with sub-harmonics which are not DC.
it was noted hereinabove how the zero mean matched filter
can be tuned to a particular pulse width at the expense of
pulse width smearing and a reduction 1n SNR. If there 1s a
significant amount of pulse width smearing, it may be
difficult to discern multiple pulses within a PRI frame. These
factors are taken into consideration in setting up the filter
coellicients.

In some 1nstances, as with staggered PRIs, it may be
beneficial to operate the PRI correlator in a sub-harmonic
mode. In this mode, the final PRI frame can be inspected to
determine the number of pulses and the stagger positions of
the pulses.

The present correlator solves many problems with the
detection of pulsed periodic signals 1n noisy environments.
The SNR growth of the correlator 1s only 1 dB less than the
theoretical limit for an 1deal correlator. other advantages of
the correlator include its ability to reject signals which are
not matched to the selected correlator and the fact that 1t
preserves pulse width information which could prove to be
very important in signal identification.

Though the invention has been described with respect to
a specific preferred embodiment thereof, many variations
and modifications will immediately become apparent to
those skilled 1 the art. It 1s therefore the intention that the
appended claims be interpreted as broadly as possible 1n

view of the prior art to include all such variations and
modifications.

What 1s claimed 1s:

1. A correlator system for performing real time temporal
correlation, which comprises:

(a) a source of pulsed and periodic input signal having DC
components,

(b) a zero mean pulse width filter responsive to said input
signals that are pulsed and periodic for providing an
output signal with said DC components from said input
signals removed; and
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(c) a difference minimization Pulse Repetition Interval
(PRI) correlator for performing temporal correlation on
said output signals to correlate signals of a selected
pulse repetition interval and reject signals not of said
selected pulse repetition interval by minimizing the
difference between a normalized delay output and
cither a current input or a time shifted input.

2. The system of claam 1 wherein said iput signals
include signal information and noise, said {filter further
providing gain to said signal information relative to said
noise mnformation.

3. A correlator system for performing real time temporal
correlation, which comprises:

(a) an input terminal;

(b) a plurality of correlator circuits coupled to said input

terminal, each of said correlator circuits including:

(1) a source of pulsed and periodic input signal having
DC components;

(i1) a zero mean pulse width filter responsive to said
input signals that are pulsed and periodic for pro-
viding an output signal with said DC components
from said input signals removed; and

(i11) a difference minimization Pulse Repetition Interval
(PRI) correlator for performing temporal correlation
on said output signals to correlate signals of a
selected pulse repetition interval and reject signals
not of said selected pulse repefition interval by
minimizing the difference between a normalized
delay output and either a current mput or a time
shifted input.

4. The system of claim 3 wherein said input signals
include signal information and noise, said {filter further
providing gain to said signal information relative to said
noise mnformation.

5. The system of claim 3 further including means for
selectively disabling at least one of said plurality of corr-
clator circuits.

6. The system of claim 4 further including means for
selectively disabling at least one of said plurality of corr-
elator circuits.
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7. The system of claim 5 wherein said disabled correlator
circuits are simultancously disabled.
8. The system of claim 6 wherein said disabled correlator

circuits are simultaneously disabled.

9. The system of claim 5 wherein said disabled correlator
circuits are sequentially disabled.

10. The system of claim 6 wherein said disabled correlator
circuits are sequentially disabled.

11. The system of claim 3 wherein each of said plurality
of correlator circuits 1s correlated to a different pulse rep-
etition interval.

12. The system of claim 4 wherein each of said plurality
of correlator circuits 1s correlated to a different pulse rep-
etition interval.

13. The system of claim 6 wherein each of said plurality
of correlator circuits 1s correlated to a different pulse rep-
etition interval.

14. The system of claim 8 wherein each of said plurality
of correlator circuits 1s correlated to a different pulse rep-
etition interval.

15. The system of claim 10 wherein each of said plurality
of correlator circuits 1s correlated to a different pulse rep-
etition interval.

16. The system of claim 1 wherein said correlator includes
a matched pulse repefition interval filter for filtering said
output signals from said zero mean pulse width filter.

17. The system of claim 3 wherein said correlator includes
a matched pulse repetition interval filter for filtering said
output signals from said zero mean pulse width filter.

18. The system of claim 6 wherein said correlator includes
a matched pulse repetition interval filter for filtering said
output signals from said zero mean pulse width filter.

19. The system of claim 11 wherein said correlator
includes a matched pulse repetition interval filter for filtering
said output signals from said zero mean pulse width filter.

20. The system of claim 15 wherein said correlator
includes a matched pulse repetition interval filter for filtering
said output signals from said zero mean pulse width filter.
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